Atrial fibrillation (AF) is a highly prevalent condition associated with high morbidity and mortality that can cause or exacerbate heart failure and is an important risk factor for stroke. AF is the disorganized propagation of electrical activity in the atrium, which prevents organized contractions. However, the effect of microRNAs and the patterns of the regulatory network of AF remain vague.
Background
Atrial fibrillation (AF) is a highly prevalent condition associated with high morbidity and mortality, which can cause or exacerbate heart failure and is an important risk factor for stroke. AF is the disorganized propagation of electrical activity in the atrium, which prevents organized heart contractions. As a result, the atrial depolarization wave front, the P-wave, measured during sinus rhythm (SR), devolves into a series of fibrillatory waves in the surface electrocardiogram (ECG). AF is known to be progressive in nature [1, 2] .
Recently, microRNA has become a focus of many researchers. The microRNAs, which are 21-25-nucleotides-long non-coding RNA molecules, function in transcriptional and post-transcriptional regulation of gene expression and they are involved in various diseases. Recent studies have uncovered an important role of microRNAs (miRNAs) in regulating cardiac excitability and arrhythmogenesis in various cardiac diseases, including myocardial infarction [3] , cardiac hypertrophy [4] , diabetic cardiomyopathy [5] , and atrial fibrillation (AF) [6, 7] . The above studies have indicated the important roles of microRNAs in AF, but most of their underlying mechanisms are still unknown. Furthermore, the regulatory action of microRNAs in development from AF to SR has not been clearly defined.
In this study, we downloaded the mRNA expression data of atrial tissue splices from 3 conditions -permanent atrial fibrillation (AF), sinus rhythm (SR), and human left ventricular non-failing myocardium (LV). Then we calculated the differential expressed genes between theses 3 kinds of samples and constructed 3 miRNA-DEGs networks. Finally, we constructed the miRNA-inflammation networks to detect the roles of miRNAs in development of inflammation in AF.
Material and Methods

Microarray data and differentially expressed genes analysis
The mRNA expression data of atrial tissue was obtained from Gene Expression Omnibus (GEO, http://www.ncbi.nlm.nih.gov/ geo) with GEO Series accession number GSE2240. This profile was based on human atrial tissue splices from 3 conditionspermanent atrial fibrillation (AF), sinus rhythm (SR), and human left ventricular non-failing myocardium (LV) [8] . Ten atrial fibrillation samples, 20 sinus rhythm samples, and 5 left ventricular non-failing myocardium samples were profiled using Affymetrix Human Genome U133A Array and Affymetrix Human Genome U133B Array, respectively [8] . For these 2 platforms, only genes contained in both platforms were retained for further study, and there are 4317 genes involved in this study. Then we calculated the expression correlation values between DEGs and other genes for each condition, using Pearson correlation coefficient method. In each comparison, if the correlation value of 1 pair of genes (1 DEG and another gene) was less than 0.5 in one condition and more than 0.8 in another conditions or vice versa, this pair was identified as a differential co-expression pair.
Heapmap.2 in gplots package was used to describe the expression landscape of all samples in each platform.
Functional enrichment analysis
To implement functional annotation with different regulatory networks, we used the database for annotation, visualization, and integrated discovery (DAVID) tool [9] . DAVID is a high-throughput and integrated data-mining environment and can analyses a given gene list derived from genomic experiments [9] . DAVID was used for pathway enrichment analysis based on hypergeometric distribution. P-value less than 0.05 was chosen as the cutoff criterion for statistically significant GO terms related to AF and SR.
Construction the microRNA-DEGs network
To construct microRNA-DEGs networks, we downloaded the experimentally verified associations between human microRNAs and their targets from miRTarBase, which has accumulated more than 50 000 miRNA-target interactions collected by manually surveying pertinent literature after systematic data mining of the text [10] . This dataset contained miRNA-target interactions consisting of 963 miRNAs and 12518 mRNAs. We mapped the DEGs between the 3 kinds of samples into the above interactions and extracted the corresponding miRNA-DEG interactions. Finally, we constructed 3 miRNA-DEGs networks.
Construction of the microRNA-inflammation network
To construct the microRNA-inflammation networks, a set of inflammation genes was obtained from the Gene Ontology categories "inflammatory response" (GO: 0006954) and "regulation of inflammatory response" (GO: 0050727), namely the human inflammation gene set containing 231 genes. Then the 231 genes were intersected with the DEGs of AF vs. SR, AF vs. LV, and SR vs. LV. Finally, the miRNAs which regulated 3 sets of overlapped genes were extracted and the microRNA-inflammation networks were constructed. These 3 networks were visualized by Cytoscape.
Results
Differentially expressed genes analysis between 3 samples
To identify the differentially expressed genes (DEGs) of AF vs. SR, AF vs. LV, and SR vs. LV, we obtained the microarray dataset GSE2240 of 3 samples from the GEO database (http:// www.ncbi.nlm.nih.gov/geo/). We then used fold change method to identify DEGs of AF vs. SR, AF vs. LV and SR vs. LV. A total of 14, 118, and 131 genes were considered differentially expressed in AF vs. SR, AF vs. LV and SR vs. LV, respectively (see Material and Methods).
MiRNA-DEGs network
To obtain this network, we first constructed the experimental verified interactions between miRNA and mRNAs. After mapping the DEGs between the 3 kinds of samples into the above (Figures 1-3 ). In these networks, triangle nodes represent miRNAs and rectangle nodes represent DEGs. In the AF vs. SR network, there were 45 nodes and 44 edges. In the AF vs. LV network, there were 212 nodes and 304 edges. The SR vs. LV network consisted of 235 nodes and 345 edges. Finally, the 3 networks were integrated to detect the miRNAs, which involved the development from non-failing myocardium to atrial fibrillation (AF) and sinus rhythm (SR) (Figure 4) . We found that a sub-network composed by miR-124, miR-183, miR-215, miR-192, and a DEG of EGR1 were all represents in the above 3 networks.
Functional enrichment analysis
To explore the biological functions of different sets of DEGs, we conducted GO functional enrichment analysis to the 3 sets of DEGs. Tables 1-3 showed the significant enriched GO terms of AF vs. SR, AF vs. LV, and SR vs. LVy. Some biological terms, such as regulation of heart growth (GO: 0060420), were related to both atrial fibrillation and sinus rhythm.
MicroRNA-inflammation network
To explore the inflammation mechanism in the development of atrial fibrillation and sinus rhythm, we constructed a miR-NA-inflammation network, in which the nodes represent inflammation-related DEGs and miRNAs and miR-355 and miR26b emerged as hubs ( Figure 5 ).
Discussion
In this study, based on the GSE2240 from GEO database, and microRNA-targets relationships from the miRTarBase database, 3 microRNA regulatory networks were constructed. Then the 
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At first, DEGs between atrial fibrillation (AF), sinus rhythm (SR), and human left ventricular non-failing myocardium (LV) were obtained. We found that a gene-EGR1 was continuously differentially expressed among the 3 kinds of samples. The early growth response transcription factor Egr-1 controls cell-specific responses to proliferation, differentiation, and apoptosis [11] . Although we did not find directed association between AF and EGR1, EGR-1 can up-regulate Siva-1 expression and induces cardiac fibroblast apoptosis. Furthermore, EGR-1 works as a master regulator that plays a key role in triggering inflammation-induced tissue injury after ischemia and reperfusion [12] .
Then we implemented GO enrichment by the DAVID tool. We found that some terms related to heart and blood vessel development were detected, indicating that the early stage of heart development might be related to AF (Tables 1-3 ). Furthermore, some biological energy and glucan metabolic process were also found to be related to AF (Table 2 ). Some studies hypothesized that increased energy requirements in the atria during myocardial fibrillation lead to activation of anaerobic metabolism [13] . Dong et al. found that activation of b3-AR contributes to atrial metabolic remodeling via transcriptional down-regulation of the PGC-1a/NRF-1/Tfam pathway, which is involved in mitochondrial biogenesis and ultimately perturbs mitochondrial function in rapid pacing-induced AF [14] . 
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In the integrated network, we also noticed that in this miR-NA synergistic regulatory network some nodes were connected to many other kinds of nodes. For miRNA nodes, miR-355 was the most frequently connected node. miR-355 is over-expressed in human breast cancer and is related to lymph node metastasis and poor patient prognosis. However, to the best of our knowledge, there were no direct reports about miR-355 and AF. This miRNA might be a potential novel regulator in AF. Furthermore, miR-26b also regulated many DEGs and was found to play important roles in cardiovascular diseases. For example, some new miRs were found to modulate physiological cardiac hypertrophy, particularly miR-26b [15] . Furthermore, miR-26b can regulate GATA4 expression, which plays a fundamental role in myocyte growth and survival, via a post-transcriptional mechanism during cardiac hypertrophy [16] . On the other hand, some DEGs were also simultaneously regulated by many miRNAs. For example, CNN3 was regulated by up to 9 miRNAs. Perez-Ilzarbe et al. found that CNN3 was related to paracrine effects of human skeletal myoblasts transplanted in infarcted myocardium [17] . We also noticed that DEG-EGR1 was continuously differentially expressed among the 3 kinds of samples. Four miRNAs -miR-124, miR-192, miR-183, and miR-215 -regulated this DEG. Of these miRNAs, microR-NA-124 controls the proliferative, migratory, and inflammatory phenotype of pulmonary vascular fibroblasts [18] . Long-term doxorubicin treatment can induce up-regulation of miR-215 in the rat heart [19] .
Finally, we constructed an AF-related miRNA-inflammation network in which DEGs were also related to inflammation. The presence of inflammation in the heart or systemic circulation can predict the onset of AF and recurrence in the general population, as well as in patients after cardiac surgery, cardioversion, and catheter ablation [20] . Inflammation also modulates calcium homeostasis and connexins, which are associated with triggers of AF and heterogeneous atrial conduction [20, 21] . Also, the noncoding RNAs seem to participate in vascular homeostasis, inflammation, and platelet function [7] . In our network, some DEGs, such as TPM3, and some miRNAs, such as miR-26b and miR-355p, emerged as hubs, indicating that the miRNA-DEGs regulating these relations also play a key role in inflammation in AF.
Conclusions
We constructed an atrial fibrillation-and sinus rhythm-related microRNA regulatory network and revealed the potential mechanism of development of atrial fibrillation and sinus rhythm on the transcriptional regulation level. Furthermore, we identified some crucial regulators in atrial fibrillation and sinus rhythm. Our research may provide important insights into the inflammation mechanism of AF and SR and potentially serve as a reference for the therapeutic strategies of angiocardiopathy. 
